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SEcTioON 1. THE FLEXION-REFLEX OF THE LIMB,

(i) IN the spinal cat and dog as in the spinal frog the reflex
movement of the limb most readily evoked by stimulation of the skin
of the limb or of its afferent nerves is flexion. This reflex may be
termed the “flexion-reflex of the limb.” In the hind-limb the flexion is
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of hip, knee, and ankle, in the fore-limb of elbow, shoulder, and
wrist,

This reflex is obtained from the decerebrate preparation as regularly
as from the spinal. By the decerebrate preparation is understood one in
which the whole brain in front of the posterior colliculi has been
removed. The decerebrate preparation offers in some respects a better
field for the examination of the reflex than does the spinal preparation.
For that reason the reflex as obtained in the decerebrate preparation
will be described first.

(i1) It was sought to ascertain at outset which of the several
muscles of the limb are actually employed in the execution of this reflex.
The sample reflex taken for examination was excited from one particular
afferent nerve only, namely from the cutaneous branch of the musculo-
cutaneous division of n. peroneus, at a point close above the annular
ligament of the ankle (cat, dog). There the nerve was severed, tied,
and its central stump faradised or stimulated mechanically by tighten-
ing on it a thread previously looped loosely. The experiments showed
that, elicited in this way, the reflex brings into contraction certain only
of the muscles of the limb. However intense the stimulation the
distribution of this reflex effect did not spread in the limb musculature
beyond those particular muscles. The muscles which the reflex causes
to contract are the following:

TABLE 1.
Ilio-psoas. Semitendinosus.
Pectineus (slight). Posterior part of biceps femoris.
Sartorius, (?) the part insected into patella. Tenuissimus.
Tensor fascie femoris (weak). Tibialis anticus.
Rectus femoris. Peroneus longus.
Gracilis. Extensor longus digitorum.

The extensor brevis digitorum contracts very slightly if at all.

When the reflex is elicited in the decapitate? preparation the same
muscles contract and only those. In neither preparation does increase
of the stimulus make the reflex contraction spread to limb muscles
additional to the above. The threshold of stimulus for the reflex is
nearly the same for all the muscles which contract.

1 Sherrington. Integrative Action of the Nervous System, p. 28. London and New
York, 1906. ’
2 Of. Sherrington, This Journal, xxxvin. p. 375. 1909.



30 C. S. SHERRINGTON.

Thus : faradisation of central end of cutaneous branch of musculo-cutaneous division
of n. peroneus; Berne inductorium, interruptor in primary circuit vibrating 30 p. s.
resistance box of 100,000 ohms in secondary circuit.

At 8 Kronecker units contraction just obvious in tibialis anticus.

» 10 ' ” " . tensor fase. fem. longus.

" 10 1 " ” ” ” " ”

. 10 ’ " . ' semitendinosus.

” 14 N 9 ” ” psoas magnus.

y 50 ’ v 5  very strong in tibialis anticus and semitendinosus

and stronger than before in tensor fasc. fem. and psoas, but no contraction in semi-
membranosus or gluteus maximus.

At 125 Kronecker units contraction as before.

” 6000 ki) ” kR »

Again: stimulation of central end of n. internus saphenus half-way up thigh.

At 15 Kronecker units contraction just obvious in gracilis.

y 18 . . » . tensor fascis femoris.

» 20 . v . . psoas magnus pectineus, semi-
tendinosus and psoas parvus.

At 50 Kronecker units contraction strong in all the above muscles.

» 150 v .,  very strong in all the above muscles, but no trace
of contractlon m semimembranosus, or anterior part of biceps or gluteus maximus.

At 5000 Kronecker units contraction same result as with 150 units.

In these observations the muscles stated as contracting or not contracting are merely
those definitely prepared for observation in the particular experiment, the other limb
museles being paralysed by nerve-section or actually excised. The observations do not
mean that other muscles than those specifically mentioned would not have been excited
had the observations extended to them. The question of spread of reflex was tested in
these observations simply on the muscles mentioned as a sample of the musculature.
But a number of such experiments were made ; those quoted instance the kind of result
always reached.

The above list (Table I) embraces all the muscles which contract but
the reflex effect is not restricted to contraction. In certain other muscles
the reflex result is relaxation of contraction. To detect this it is
necessary to observe the muscle at a time when some degree of contraction
is already at work for the inhibitory influence to show upon. A back-
ground of contraction against which the inhibitory relaxation can show
up is generally absent in the decapitated preparation. In my ex-
perience the best chance of it is offered during the first forty minutes
after decapitation. A background can however easily be produced at
any time by faradisation of an afferent nerve of the opposite fellow
limb. This evokes reflex contraction in the required muscles and this
reflex contraction is readily seen to be inhibited® by stimulation of the
ipsilateral musculo-cutaneous nerve.

The necessary background of contraction is more conveniently

1 Cf. Fig. 3, Roy. Soc. Proc. LxxvI1. B, p. 277. 1905.
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obtained by simply using the decerebrate preparation not the decapitate.
On decerebration there ensues a tonic rigidity? of the limb muscles.
Each relaxation of them is then easily seen and felt or recorded graphi-
cally?. Another way, presenting certain advantages is to obtain a rebound
contraction (v. infra, Sect. 1L ii. p. 69) and then to reapply the original
stimulus during the rebound contraction ; the contraction is then seen
to immediately relax under the reflex inhibition. In the flexion-reflex
the muscles thus observed to relax are as follows.

TABLE II
Vastus lateralis. Posterior part of biceps femoris.
Vastus medialis. Flexor longus digitorum (?).
Crureus. Quadratus femoris.
Gastroecnemius, Adduector minor.
Soleus. Adductor magnus (a part).

Semimembranosus (both parts).

These muscles are the same as those observed by the other method
to relax in the decapitate preparation. The muscles which contract
and the muscles which relax are therefore the same in the decerebrate
as in the decapitate preparation.

Increase of intensity of the stimulus does not change the inhibitory
result; it merely accentuates the sharpness and extent of the re-
laxation ; it does not cause the inhibitory effect to spread to other
muscles in the limb than those mentioned above. The limits of the
field of inhibition in the musculature of the limb seem as fixed as are
those of the field of excitation. .

Those limb-muscles which the reflex excites and those which it
inhibits if put together are seen not to cover all the items of muscula-
ture of the limb. Some of the muscles, the reflex does not so far as
I have seen affect at all. Among these are, gluteus medius, gluteus
maximus, gluteus quartus, peroneus brevis, peroneus tertius, and
tibialis posticus. However intense the stimulus its reflex effect does not
appear to reach the moto-neurons of these muscles.

(iii) The reflex as thus elicited from this cutaneous nerve of the
dorsum of the foot is typical of the reflex elicitable, by stimuli of like
quality, from the limb generally. It can be evoked from the skin as
well as from the cutaneous nerve itself, and in the former case has the
same features as in the latter.

! Sherrington. This Journal, xxm. p. 819. 1898. Also Roy. Soc. Proc. Lx. 1906.
2 Cf. Fig. 1 B, Roy. Soc. Proc. Lxxv1. B, p. 273,
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The term “ receptive field'” may be conveniently applied to designate
the total assemblage of receptive points whence by suitable stimuli
a particular reflex movement can be evoked. Thus the scratch reflex
of the hind-limb of the spinal dog can be evoked from series of points
in a saddle-shaped area of skin of the shoulder back and loin%. The
collective area of distribution of these points constitutes the receptive
field of the scratch reflex. For the flexion-reflex of the hind-limb the
receptive field includes the skin of the whole limb as far up as the groin
in front, the perineum medially and the ischial region behind. The
stimuli best effective for the reflex are of mechanical, especially if
nocuous, quality and electrical, e.g. faradic. In working over the field with
mechanical stimuli an impression is received that the reflex is provoked
more readily from the foot than elsewhere. Electric stimuli are more
easily measurable in intensity and these substantiate the impression
given by the mechanical. For electrical stimulation I used a small
silver entomological pin as stigmatic electrode inserted about 2 mm. into
the skin, the diffuse electrode being a wide copper plate bandaged to the
shaven and well-moistened skin of one of the fore-limbs. A resistance
box of 100,000 ohms was placed in the secondary circuit to minimise
differences in conductivity of the skin, etc. The observations show that
from the skin of the distal end of the foot, the digits and the plantar
cushion the reflex is provoked by weaker faradisation than from the
skin higber up the limb. The surface of the foot on the whole excites
the reflex more easily than the limb surface elsewhere.

Illustrative instances from the spinal dog after thoracic transection are the following :
Intensity of stimulus i& units of the Berne coil

Situation of electrode Exp. i Exp. ii Exp. iii
Outermost toe-pad 20 30 25
Innermost ,, 25 30 30
Plantar cushion ... 25 30 70
Between toe-pads and cushion 150 175 275
Outer malleolus ... 220 300 1000
Close below patella 400 600 750
Half-way up front of thigh... 400 600 1000
Ischial skin v . 600 800 1000
Calf 1500 1500 1600

The receptive field of the skin for this reflex has so to say its focus
at the free apex of the limw. This fact is of assistance in attempting

1 Sherrington, Integrative Action™uf the Nervous System, p. 126. London and
New York. 1906.

2 Sherrington. Proc. Physiol. Soc. p. xvii, 1904 (This Journal, xxx1.), and xxx1v.
p- 1. 1906. Cf. also Graham Brown, Quart. Journ. of Exp. Physiol. 11. p. 243. 1909,
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to decipher the functional significance of the reflex. In that connection
it will be referred to later. (Sect. 1v. p. 71.)

From all parts of this receptive field the reflex movement as
evoked by the above-mentioned stimuli presents characters so closely
similar that the observer at once recognises that it constitutes a single
“type-reflex’.” That is, the individual reflexes produced from the
several points of the field are all examples of one reflex which is broadly
speaking the same from whatever point of the field it be provoked. This
uniformity of the reflex movement excited from the various skin-points
of the limb harmonises with the results of observations on the distribu-
tion of the reflex effect on the limb musculature when the reflex is
elicited from the several cutaneous nerves of the limb. The results of
these observations are as follows (Table IIT).

In this Table the reflex effect of the afferent nerve on any particular muscle is
indicated where the abscissa-column belonging to that nerve crosses the ordinate-column
belonging to that muscle. The sign + signifies that the muscle contracted; the sign —
that the reflex effect was relaxation of the muscle; the sign 0 means that no reaction of
the muscle was discovered though searched for; the ease of detecting contraction is
greater than that of detecting inhibition, so that 0 may sometimes stand where — should
stand. The leaving of the place in the Table blank, i.e. without any sign at all, signifies
that either no observation was made or the observations made failed to get clear evidence.
The sign ; means that in some experiments contraction was seen and in some none ; the

sign + means that sometimes contraction was observed sometimes relaxation.

The results of the observations confirm the inference drawn by
inspection from the actual skin-reflexes, namely that whatever the
cutaneous nerve-trunk stimulated in the limb the reflex effect is
broadly the same in its distribution in the limb musculature. Though
broadly the same the Table III also shows that it is not fully the same
when nerve by nerve the whole series of afferent trunks are examined;
differences in detail appear but are small ; the general effect throughout
is excitation of the motoneurones of flexors and inhibition of the moto-
neurones of extensors.

That is the effect as regards the skin and the skin-nerves of the
limb proper. But Table III shows that other cutaneous nerves near to
but not actually within the limb proper yield reflexes of other type.
Where the limb surface abuts on regions inguinal, perineal and gluteal its
afferent nerves tend to evoke reflex extension instead of limb-flexion.
Nos. 10,11 and 18 of the Table exemplify this. Their reflexes do not
come within the great “ flexion-reflex ” of the limb.

1 Integrative Action of the Nervous System, p. 127.
PH, XL. 3
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The uniformity of the reflex effect of the various afferents of the
limb extends beyond the category of the skin-afferents. It pertains to
the deep afferents likewise. The accompanying Table IV summarises
observations on the distribution of the reflex effect evoked from the
limb’s deep afferent nerves severally.

From Table IV it is clear that the reflex effect in its distribution in
the limb musculature is broadly the same for all the deep afferents
examined. Also that the reflex effect of these afferents is practically
the same as that of the skin-afferents and the skin itself. The re-
ceptive field of the flexion-reflex of the limb is therefore not merely an
area of surface, a skin-field, but is musculo-articular as well and includes
the whole thickness of the limb as well as its surface. In this respect
the receptive field of the flexion-reflex differs fundamentally from a
receptive field such as that of the scratch-reflex which is wholly
cutaneous.

It is not surprising therefore to find (Table V) that when the
various large afferent nerve-trunks of the limb are themselves examined
in regard to the reflex effect they each evoke, the effect found for
all of them is flexion, and that the reflex given by each of them is
practically the same. In these large nerve-trunks the afferent fibres
are of course mixed in origin, cutaneous, fascial, muscular, articular, ete.
Yet when the mingled collection of each trunk is thus stimulated the
reflex result is regular and harmonious; it is always in fact the flexion-
reflex.

(iv) This makes clear how it is that when the afferent spinal roots
themselves are stimulated each root of the whole series belonging to the
limb evokes in the limb simply the same reflex movement; and how it
is that that movement is flexion.

Table VI shows that whichever of the roots is stimulated the
movement obtained in the limb is flexion at its larger joints. Flexion
of ankle is less marked with the more anterior of the roots of the
series and flexion at hip less marked with the most posterior but a
general flexion of the limb is the reflex result from each root. The
heterogeneity of the afferent fibre constitution of each of these large
roots is very great. The uniform result which they regularly produce
in their reflex effect becomes however intelligible in light of the flexion-
reflex being practically the one reflex obtained by direct stimulation
(mechanical and electrical) of each and all the afferent nerves of the
limb.

3—2
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Name of muscle
Psoas parvus ...
Psoas magnus ...
Sartorius
Gluteus max. ant. part
post. part

Tensor fascise femoris long.
brevis

9 ” "
Gluteus medius ...
Gluteus minimus
Rectus femoris ...
Vastus lateralis ...
Vastus medialis ...
Crureus...
Pectineus
Adductor minor ...
Adductor magnus
Gracilis
Semitendinosus ...
Semimembranosus

Biceps femoris ant, part ...
post. part ...

” ”
Tibialis anticus ...
Extensor longus digitor
Tenuissimus
Quadratus femoris
Peroneus longus ...

. brevis ...

’ tertius ...
Gastrocnemius
Soleus ...

Flexor longus digitorum ...

Tibialis posticus...

Extensor brevis digitorum

LIMB REFLEXES.

Name of nerve-trunk

1 N. femoralis ...

Il ++oco++o0c00+++1

+

+ o+

o+

oo+

TABLE V.
N o0 b
+
.+ o+
+ o+ o+
0 o0 o
o o0 0
+ o+ 4+
+ o+ 4+
0o o0 0
+ o+ o+
+? 0+ 4+
e+ +
+ o+ o+
+ o+ o+
+ o+ o+
+ o+ 4+
+ o+
+ o+ o+
0 0 0
o 0 0
late late
+ +
0 0 o
+ 0
B @
g
2
g
L
o
2
g
@ :
P
=
2 5 %
2 § %
C) 8
N o -

+ + 4+

|l oo+ !

2

5 N. tibialis anterior

co+ + + 6

*

(=]

o

A F 4+

o+

.o

6 N. popliteus
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9 N. pudicus

0* means does not contract usually, sometimes does.
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Under n. peroneus and n. popliteus are included results obtained from branches of these trunks.
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TABLE VI.

Cat : bulbar transection; movements of limb provoked by exciting the separate
a.fferent roots.

Right IX post-thoracic root Flexion of right knee.
5 VIII . . 4 'y knee, hip and ankle.
” VII 39 ” 2 Y knee, hip and ankle,
»w VI » . ' - knee, hip and ankle.
»w vV ” ” ' ' knee and hip.
” v ” th ’ 3 hln and knee.
”» III ” ” ” ” hip'
" II " " 2 ER) hip’

Monkey (Macacus rhesus) : bulbar transection.

nght IX post-thoracic root Flexion of right knee (slight).
H] VIII 2 " ’ EE) knee.
5 VII ’ ' ' ' knee and ankle,
»w VI »” » ’s ,,  knee, ankle, hip.
w vV » . ' ' knee, hip and ankle.
”» v ”» ” ) ’ hlp, knee and ankle.
” III i) ” 9y ’” hlp and knee.
” II ” 2 ”» ”» hip'
T} 1 ” ”» ” ’ hip (Slight).

(v) Taken together the results listed in the above Tables can be
summarised in the following condensed statements.

1. The afferent nerves of the limb—apart from n. lumboinguinalis
(genttocrural), n. cutaneus clunis and n. pudendus inferior, which are from
groin, perineum and buttock rather than from limb proper—all excite
a limb reflex of the same type characterised by flexion at hip, knee and
ankle. This reflex may be called the flezion-reflex of the limb, under-
standing by that a type-reflex, .. a group of reflexes of almost identical
form which when concurrent combine in harmonious action on the
same final common paths?

2. Though the individual reflex obtainable from any one of the
various afferents of the limb always conforms fully to this type-reflex,
and is a “flexion-reflex,” it is not of necessity wholly like that produced
from some among the other afferents of the limb which also provoke
the flexion-reflex. That is the individual reflexes as provoked from
nerve to nerve differ one from another to some extent though all
conform to the type “flexion-reflex.” The differences consist chiefly in

1 Sherrington, Phil. Trans. Roy. Soc.B. 158. As regards monkey and dog cf. also
Page May, Phil. Trans. Roy. Soc. B. 157.
Z Sherrington. Integrative Action of the Nervous System, p. 114,



LIMB REFLEXES. 39

the reflex contraction excited by one nerve extending less to certain
muscles of the flexor group than it does when excited from some
other nerve. The contraction in all cases is limited to the flexor group
‘but each afferent does not in all cases cause contraction of the entire
group, and the muscles omitted are not entirely the same for one nerve
as for another. Difference in detail of effect are thus detectible
between different afferent nerves. Thus, semitendinosus contracts more
powerfully in reflex response to the cutaneous foot nerves than to
branches of external cutaneous or internal saphenous nerves; tensor
Jasctae femoris contracts little or not at all from the plantar nerves but
strongly from internal saphenous or external cutaneous. Such differ-
ences seem to reach their maximum in the divergence between external
cutaneus and hamstring nerve. The former causes reflex contraction in
tensor fascie femoris, pectineus, rectus femoris, and gluteus minimus
and these muscles the latter nerve does not reflexly reach ; and the
latter nerve causes contraction in fenutssimus and biceps femoris’ pos-
tertor part while the former nerve does not; both however alike cause
contraction of psoas, sartorius, tibialis anticus and semitendinosus. The
difference between the segmental origins of n. cutaneus externus and
hamstring nerve is greater than between almost any other of the limb
nerves. Similarly skin-points whose nerve-supplies lie segmentally
distant one from another tend to exhibit flexion-reflexes less closely
similar than do skin-points segmentally near together. Thus there
comes to be some accentuation of movement at this joint or that accord-
ing as the skin-point stimulated lies in this limb-region or that.
Excitation of outer edge of planta (spinal monkey) causes together with
the flexion at ankle some eversion of foot; but excitation of inner
edge of planta gives some inversion of foot along with the ankle flexion.

8. Apart from these differences in detail the reflex provocable from
the limb is the same reflex from whatsoever part of the limb it is
produced (by the stimuli mentioned above). The whole limb therefore
except for some part of its attached base forms one receptive field
whence the reflex provocable is the flexion-reflex, and this field is not
merely skin-deep but includes muscles, joints, fasciee, and other deep
structures of the limb.

4. In the flexion-reflex the limb muscles excited to contract are
broadly speaking flexors (v. infr. p. 45). They are so far as observed :
(Fig. 1).

5. In certain of the limb muscles the reflex produces not contrac-
tion but relaxation, by central inhibition. These muscles are: (Fig. 1).
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Fig. 1.
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Fig. 1. Muscles ascertained by direct analysis to be engaged in the flexion-reflex of hind-
limb (cat).
A. Lateral aspect of limb; B. Medial aspect.
Muscles engaged in construction (dotted lines).

A. Tibialis anticus N. Pectineus

B. Biceps femoris posterior P. Peroneus longus

E. Extensor brevis digitorum R. Rectus femoris

F. Tensor fasci® femoris longus, F’ 8. Sartorius, lateral band, §’ medial band.
brevis.

G. Gracilis T. Semitendinosus

I. Psoas magnus Y. Psoas parvus

=

Extensor longus digitorum
Gluteus minimus (a second dotted line
indicates its posterior part).

B

Muscles relaxed by reflex inhibition (interrupted lines),

1. Crureus 6. Biceps femoris anterior
2. Vastus lateralis 7. Gastrocnemius ext. 7’ int.
3. Adductor minor 8. Soleus

4. Adductor major (in part) 9. Vastus medialis

5. Semimembranosus 0. Quadratus femoris

(This figure serves also to illustrate the crossed extension-reflex (p. 56). In that reflex
the muscles marked with numerals contract, and 4, B, S, T of the alphabet-group are
relaxed by inhibition—and none of the alphabet group contract.)

TABLE VII,
Psoas parvus, Pectineus.
Iliopsoas (psoas magnus). Gluteus minimus.
Tensor fascie femoris longus. Tenuissimus.
. ' ,  brevis. Posterior part of biceps femoris.

Sartorius medial band. Semitendinosus.

lateral band (? distal part). Tibialis anticus.
Rectus femoris. Peroneus longus.
Gracilis, Extensor longus digitorum.
Adductor magnus (a small part of). Extensor brevis digitorum.

TABLE VIIL

Semimembranosus (both parts). Adductor magnus (in part).
Biceps femoris (anterior part). Quadratus femoris.

Vastus medialis, Gastrocnemius and plantaris.
Crureus. Soleus.

Vastus lateralis. Adductor minor.

The muscles which the reflex relaxes by inhibition are broadly
speaking extensors and (v. infra, p. 57) therefore antagonistic to those
which it excites.
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6. It is of interest for study of coordination to note how in this
reflex the neural taxis deals with the muscles of the limb. For this
some remarks on the action of the muscles at the limb-joints may be
prefaced.

To examine their action in the reflex the following plan has been followed. The
decerebrate preparation has been supported in the erect posture, i.e. spine horizontal and
limbs vertical. For this two clamps are fastened one to the spinous process of second
sacral vertebra the other to the spinous process of seventh cervical. The muscle to be
examined was left intact but all other muscles of both hind-limbs were paralysed by
nerve-section. The hind-limb whose movement in result of the muscle’s contraction was
to be studied was shaved and certain points on it marked with ink or white paint. These
points were (1) superior angle of the iliac crest, (2) tuberosity of ischium, (3) great
trochanter, (4) the middle of outer condyle of femur, (5) patella, (6) external malleolus.
The limb was then placed in the case of muscles contracting in the flexion-reflex either
in fairly full extension at hip, knee and ankle; or simply hanging down the plantar
surface of its digits just resting on the table. The opposite hind-limb was so
placed as to rest with its foot on the table; the fore-limbs also. In this posture the
preparation was photographed, a centimeter scale and plumb-line being also included. .
The reflex was then provoked in various strengths by faradisation of an afferent nerve for
5sec. Directly the limb assumed a steady pose under the reflex action the preparation was
again photographed. The photographs thus obtained were compared. The inclination of
the long axis of femur to a line drawn between the points marked in ilium and ischium is
used as ilio-ischial femoral angle. The action of the contraction of the muscles which
are inhibited in the flexion reflex was included in the examination. To throw these
muscles into reflex contraction the crossed extension reflex (v. infra, p. 56) was em-
ployed.

Psoas parvus : the movement produced in the limb by this muscle is a slight flexion
of pelvis on the lumbo-sacral spinal column.

Psoas magnus: produces flexion at hip and marked external rotation of thigh. Initial
position : ilio-ischial femoral angle 96°, femoro-tibial 127°, tibio-tarsal 143°; with weak
reflex by 40 units Kronecker scale became ilio-ischial femoral angle 85°, femoro-tibial 120°,
tibiotarsal, 148° ; with strong reflex by 70 units K became ilio-ischial femoral angle 80°,
femoro-tibial 115°, tibio-tarsal 143°.

Sartorius : in the dog this muscle consists of two distinct bands often separate
throughout their length by a centimeter’s space. The lateral band runs along the mid-
front of the thigh to the patella, the median lies along the medial aspect. Separate
branches of n. femoralis pass to each of these divisions. Cat’s sartorius has these bands
conjoined, but in the cat the median part and the lateral part are likewise supplied by
separable nerves, that for median part sometimes coming not from n. femoralis direct
but from n. saphenus in thigh. In both cat and dog both parts of sartorius contract in
the flexion-reflex but it is questionable whether the lower part of lateral band does, and
this part certainly contracts distinctly in the crossed extension reflex. With a fairly
strong flexion-reflex sartorius reduced ilio-ischial femoral angle from an angle of 112° to
one of 50°, femoral tibial angle from an initial 140° to an angle of 110°. The tibio-tarsal
angle it did not obviously alter. The effect of the muscle in the flexion-reflex is there-
fore to flex hip and knee (cf. Fig. 2).

Tensor fascie femoris: this muscle consists both in dog and cat of two portions, an
anterior longer (longus) associated with sartorius at its origin ; a posterior (brevis) which
at its hinder edge abuts on anterior portion of gluteus maximus. This latter part is very
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amply developed in the rabbit. In a moderately strong reflex the longus portion, brevis
having been detached, lessened ilio-ischial femoral angle to an angle of 70° from an
initial posture of 98°. Brevis flexes the hip less and somewhat abducts the thigh.

Semitendinosus : with a fairly strong reflex ilio-ischial femoral angle was seen to be
increased from an initial posture of 108° to an angle of 118° the femoro-tibial from an
initial 110° was reduced to an angle of 65°. With a weak reflex the ilio-ischial femoral
angle remained not obviously altered from an initial angle of 108°, while the femoro-tibial
was contracted from an initial opening of 110° to an angle of 75°. With a still weaker
reflex ilio-ischial angle was altered from an initial 108° to an angle of 105°, femoro-tibial
angle changing from an initial 110° to an aperture of 70°. The full action may therefore
be described as flexion at knee and extension at hip (cf. Fig. 2) ; and the muscle slightly
tilts downward the posterior end of its side of the pelvis.

Biceps femoris : under this name are included two antagonistic muscles. The nerve
supply consists of two divisions which accord with the twofold functional action. One
division innervates the part of the muscle inserted into tibia ; this part of the muscle will
be called here biceps femoris posterior; it flexes knee and extends hip (cf. Fig. 2); it is the
only part of the muscle which the flexion-reflex causes to contract. The other part of the
muscle isinserted higher than bic. fem. posterior ; it extends the hip ; it is inhibited in the
flexion-reflex, but contracts in the crossed extension reflex ; it will be called here biceps
femoris anterior.

Sartorius, semitendinosus and biceps femoris posterior combined : with a fairly strong
reflex an initial position of ilio-ischial femoral angle 108°, femoro-tibial angle 110°
becomes altered to a position of ilio-ischial femoral angle 60°, femoro-tibial angle 50°.
With a weaker reflex the position assumed was ilio-ischial femoral angle 70°, femoro-tibial
angle 65°. Sartorius as a hip-flexor therefore overcame combined actions of semiten-
dinosus and biceps femoris posterior as hip extensors (cf. Fig. 2) both in strong and weak
reflexes.

Gracilis : with a weak reflex changed femoro-tibial angle from an initial position of
125° to an angle of 115°; with a strong reflex to an angle of 105°. It produced adduction
of thigh as well as flexion at knee.

Tibialis anticus : with weak reflexes this muscle was observed to flex ankle without
obvious flexion of knee, for instance initial position being tibio-tarsal angle 115° under the
weight of the limb free and 110° when toe-pads rested on table the angle was reduced to
105°. With moderate reflexes the tibio-tarsal angle became 93°, and there was reduction
of femoro-tibial angle from an initial 120° (limb free) or 118° (toes on table) to an angle of
112°. The attachments of gastrocnemius and all other muscles were intact and when the
ankle is flexed gastrocnemius tends to flex knee. The Fischer effect (cf. infra, p. 50)
would also be of influence. Tibialis anticus also inverts the foot.

Extensor longus digitorum : a strong reflex with the limb hanging free altered an initial
position of ilio-ischial femoral angle 90°, femoro-tibial 132°, tibio-tarsal 125° to a position
of ilio-ischial femoral angle 86°, femoro-tibial 110°, tibio-tarsal 76°. The above was with
all other muscles intact ; with tendo-Achillis cut the flexion at knee is less and there is no
obvious flexion at hip. The upper tendon of extensor longus digitorum crosses the knee,
and flexion of knee causes slight extension of toes if the ankle be not at the same time
much dorso-flexed. If ankle be free to flex the knee flexors by means of extensor longus
digitorum dorso-flex ankle but the toes are not extended, or are even flexed by passive pull
of flexor longus digitorum. Extensor longus digitorum if ankle be not free to flex extends
toes ; if ankle be free it can flex ankle and extend toes ; it also slightly separates the toes.

Peroneus longus : everts the foot. Itstendon crosses ankle very nearly if not exactly in
the axis of rotation of the joint. If ankle be strongly flexed this muscle slightly supports
that flexion.
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Tibialis anticus, peroneus longus and tensor fascie femoris combined: with a moderately
strong reflex an initial posture of ilio-ischial femoral angle 110°, femoro-tibial 120°, tibio-
tarsal 115° was changed to ilio-ischial femoral 65°, femoro-tibial 110° and tibio-tarsal 95°,
There was also slight abduction of thigh, and the marked flexion at ankle was free from
inversion or eversion of foot.

Semimembranosus : starting with limb at following angles, ilio-ischial femoral 85°,
femoro-tibial 112°, tibio-tarsal 125° a fairly strong reflex changed these to ilio-ischial
femoral 132°, femoro-tibial 145°, tibio-tarsal 135°. Some inward rotation of limb
accompanied the extension. As felt by the hand the extension of knee and ankle was
powerful as well as that of hip. The musecle consists of two parts, both of which so far as
I have seen react in the same way in the flexion-reflex.

Biceps femoris anterior (v. sup. p. 43): both in moderate and strong reflexes the
change in the position of the limb was closely similar to that produced by semimembran-
osus, but was accompanied by some outward rotation of thigh and limb.

Vasti and crureus taken together : with the limb suspended the whole limb straightens
under the reflex action of this group; thus with initial posture of ilio-ischial femoral angle
92°, femoro-tibial 105°, tibio-tarsal 122°, the posture became ilio-ischial femoral angle 102,
femoro-tibial 157°, tibio-tarsal 140°, The extension at ankle as well as knee was strong,
but that at hip did not overcome resistance so strongly. With the foot resting on the
ground under the animal’s weight similar extension of knee, ankle and hip occurred lifting
the hindquarters forwards and upwards.

Gastrocnemius soleus (cat) and plantaris : with the limb hanging free of the ground a
weak reflex produced extension of ankle without obvious change of posture at knee,
a fairly strong reflex produces fuller extension at ankle with distinct flexion at knee; in
this latter case the initial posture being ilio-ischial femoral angle 85, femoro-tibial 120°
and tibio-tarsal 125° these angles became femoro-tibial 110° and tibio-tarsal 152°, the
ilio-ischial femoral not-obviously changing. When foot rested on table with the weight of
the body on it a weak reflex changed an initial posture of ilio-ischial femoral angle 80°, femoro-
tibial 114°, tibio-tarsal 105° to ilio-ischial femoral 78° and tibio-t